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ABSTRACT 
Pacific bonito, Sarda chiliensis, have become increasingly 
important to California's sport and commercial fishermen since 
the early 19601s, but are now showing signs of decline. Recent 
investigations have revealed much about the bonito's life 
history and population dynamics. 
These recent discoveries have been breught together into 
a document which will serve as a guide to future management 
actions. 
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INTRODUCTION 
The P a c i f i c  boni to  of C a l i f o r n i a ,  Sarda chi l iensis  ZineoZata, i s  
a  member of t h e  mackerel-tuna family,  Scombridae, and t h e  t r i b e  Sa rd in i ,  
whose taxonomic p o s i t i o n  i s  midway between t h e  mackerels and t h e  tunas 
( C o l l e t t e  and Chao, 1975).  It is  a p e l a g i c  schooling f i s h  found i n  
temperate waters  over t he  Cont inenta l  She l f ,  and has  been recorded i n  
t h e  North P a c i f i c  Ocean a s  f a r  n o r t h  as southern Alaska and a s  f a r  
south a s  Banderas Bay, Mexico. They a r e  abundant however, only from 
I Poin t  Conception Ca l i fo rn i a ,  t o  Magdalena Bay i n  Baja Ca l i fo rn i a .  The 
populat ion i s  centered near  Sebas t ian  Vizcaino Bay i n  Baja C a l i f o r n i a .  
Here they a r e  t h e i r  most abundant and a r e  found throughout t h e  year .  
The popula t ion  appears  t o  s h i f t  s ea sona l ly  no r th  and south i n  response 
t o  environmental condi t ions .  
Severa l  a t tempts  have been made t o  s e p a r a t e  a t  t h e  s p e c i f i c  l e v e l  
t he  boni to  found o f f  Ca l i fo rn i a  from t h e  one found o f f  Ch i l e  and Peru 
(Sarda chi l iensis  ch i l iens is )  b u t  s o  f a r  t hese  s t u d i e s  have f a i l e d  t o  
demonstrate d i f f e r e n c e s  above t h e  subspec i f i c  l e v e l .  There is  no doubt 
however, t h a t  t h e  f i s h  found i n  t hese  two widely separa ted  l o c a t i o n s  
comprise two non-interbreeding popula t ions ,  s i n c e  they a r e  separa ted  
by almost 5,000 km (3,100 miles)  and another  boni to  spec i e s ,  Sarda 
orientatis ve tog'  occupies t he  t r o p i c a l  c o a s t a l  waters  i n  between. 
A t  p r e sen t ,  bon i to  a r e  t h e  s u b j e c t  of both s p o r t  and commercial 
f i s h e r i e s  o f f  C a l i f o r n i a  and Baja Ca l i fo rn i a .  The commercial t ake  has  
increased r ap id ly  during t h e  l a s t  10 yea r s ,  whi le  t he  s p o r t  ca t ch  has 
11 
- 
Synonymised wi th  S. vezox by C o l l e t t  and Chao, 1975. 
1 decl ined.  U n t i l  r e c e n t l y  t h e  bon i to  resource  was considered l i g h t l y  
explo i ted ,  and a cons iderable  i nc rease  i n  ca t ch  was thought p o s s i b l e  
(Thayer 1973, Frey 1971,Cal i forn ia  F i sh  and W i l d l i f e  P l an  1965). 
No r egu la t ions  apply s p e c i f i c a l l y  t o  t he  commercial t ake  of t h i s  
spec i e s ,  and only genera l  l i m i t s  apply t o  sportf ishermen.  
FISHERIES 
U. S. Commercial Fishery 
P a c i f i c  boni to  have been f i s h e d  commercially i n  C a l i f o r n i a  waters  
s i n c e  a t  l e a s t  t h e  beginning of t h i s  century.  Commercial l andings  
between 1916 and 1975 have va r i ed  widely,  with a low of 57 Mg (64 tons)  
i n  1956 and a high of 14,500 Mg (15,900 tons)  i n  1975  a able 1, Figure 1 ) .  
Landings have been r e l a t i v e l y  h igh  s i n c e  1965, and have been dependent 
upon a v a i l a b i l i t y ,  b u t  market demand l i m i t e d  landings  f o r  many of t he  
years  p r i o r  t o  1965. Small q u a n t i t i e s  a r e  now de l ive red  t o  t h e  f r e s h  
f i s h  market whi le  most of t he  ca tch  goes t o  canner ies ,  even tua l ly  
reaching market she lves  as a lower c o s t  s u b s t i t u t e  f o r  tuna.  
Except f o r  1975, t h e  bulk of t h e  commercial bon i to  ca t ch  has  most 
r ecen t ly  been taken i n  C a l i f o r n i a  waters  w i th in  19 km (12 mi l e s )  of shore .  
However, during a few yea r s  ( p r i n c i p a l l y  between 1943 and 1957) over 50% 
of t he  t o t a l  ca tch  has been taken of f  Baja C a l i f o r n i a  (Table 1 ) .  The 
Baja C a l i f o r n i a  ca tch  is  gene ra l ly  made between January and August each 
year  between Cabo San Q u i n t i n  and Cabo San Lazaro. C a l i f o r n i a  ca tches  
a r e  concentrated i n  August and September i n  t h e  Santa Barbara Channel, 
although some a r e  made e a r l i e r  i n  t he  season between the  U.S.-Mexican 
border  and San Onofre. We do no t  know y e t  what e f f e c t  t he  es tab l i shment  
of exc lus ive  f i s h e r y  zones (370 km, 200 mi les )  by the  U.S. and Mexico 
w i l l  have on the  f i s h e r i e s .  
TABLE 1. Commercial Catch of P a c i f i c  Boni to  Landed i n  C a l i f o r n i a  by Catch 
Area,  1916 - 1975. 
Year 
19 16 
1917 
1918 
19 19 
1920 
1921 
1922 
19 23 
19 24 
1925 
1926 
1927 
1928 
19 29 
1930 
1931 
19 32 
19 33 
1934 
1935 
19 36 
1937 
T o t a l  l a n d i n g s  
pounds 
ki lograms  
480,406 
217,912 
- 889,376 
403,421 
2,441,714 
1 ,107 ,561  
3,509,098 
1,591,727 
873,648 
396,287 
324,737 
147,301 
957,942 
434,522 
1,115,247 
505,876 
1,045,282 
474,140 
879,766 
398,790 
3,121,604 
1,415,960 
1,718,008 
779,288 
2,107,089 
955,756 
2,918,544 
1,323,852 
5,164,260 
2,342,508 
3,079,673 
1,396,940 
2,862,286 
1,298,333 
2,252,199 
1,021,597 
3,202,694 
1,452,742 
7,896,484 
3,581,845 
7,215,916 
3,273,139 
7,808,070 
3,541,741 
Caught o f f  
C a l i f o r n i a  
pounds 
ki lograms 
465,691 
211,337 
889,376 
403,421 
2,265,047 
1,027,425 
2,908,745 
1,319,407 
672,393 
304,997 
241,859 
109,707 
894,292 
405,651 
478,771 
217,170 
843,095 
382,428 
782,868 
355,109 
2,942,906 
1,334,902 
1,121,476 
508,702 
1,336,719 
606,336 
593,886 
269,387 
3,866,496 
1,753,843 
3,014,135 
1,367,212 
1,676,487 
760,455 
1,967,244 
892,342 
3,003,048 
1,362,183 
2,263,740 
1,026,832 
2,216,679 
1,005,486 
5,707,212 
2,588,791 
P e r c e n t  
Caught s o u t h  
of s ta te  
pounds 
ki lograms  
14,715 
6,675 
- 
- 
176,667 
80,136 
600,353 
272,320 
201,255 
91,289 
82,878 
37,593 
63,650 
28,872 
636,4 76 
288,706 
202,187 
91,712 
96,298 
43,681 
178,698 
81,057 
596,532 
270,587 
770,370 
349,440 
2,324,658 
1,054,465 
I ,  297,764 
588,666 
65,538 
29,728 
1,185,799 
537,878 
284,955 
129,256 
299,646 
90,559 
5,632,744 
2,555,013 
4,999,237 
2,267,654 
2,100,858 
952,949 
P e r c e n t  
TABLE 1. Cont . 
Year 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
19 45 
Caught off 
Total landings California 
pounds pounds 
kilograms kilograms Percent 
Caught south 
of state 
pounds 
kilograms Percent 
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TABLE 1. Cont. 
Total landings 
pounds 
Year kilograms 
Caught off 
California 
pounds 
kilograms Percent 
Caught south 
of state 
pounds 
kilograms Percent 
* Preliminary 

Bonito a r e  caught by s e v e r a l  types of gear .  Chief among these  
a r e  purse s e i n e  v e s s e l s  which have averaged 94% of t h e  annual landings  
s i n c e  1970. T r o l l e r s  land about 4% of t h e  ca tch ,  whi le  g i l l  n e t t e r s  
c o n t r i b u t e  less than 2% (Table 2 ) .  
Vessels  from two d i f f e r e n t  f l e e t s  p a r t i c i p a t e  i n  t h e  purse  s e i n e  
f i she ry .  These f l e e t s  a r e  d i s t i ngu i shed  by the  spec i e s  towards which 
t h e  ma jo r i t y  of t he  f l e e t ' s  e f f o r t  i s  d i r ec t ed .  The " l o c a l  wet-fish" 
f l e e t  i s  composed of about 35 small purse s e i n e  v e s s e l s  which f i s h  
pr imar i ly  f o r  spec i e s  such a s  anchovies and mackerel which a r e  no t  
cooked be fo re  canning, t h e r e f o r e  being canned "wet". The primary t a r g e t s  
of t h e  l o c a l  f l e e t  a r e  b l u e f i n  tuna i n  t he  summer (mid May-mid September), 
and anchovies during the  remainder of t he  year .  I f  t h e  primary t a r g e t s  
a r e  s ca rce  o r  i f  l i m i t s  a r e  placed on anchovy d e l i v e r i e s  by t h e  canner ies ,  
t he  f l e e t  w i l l  t u r n  t o  boni to  a s  an  a l t e r n a t e .  This  f l e e t  i s  charac- 
t e r i z e d  by r e l a t i v e l y  smal l  v e s s e l s  of l e s s  than  350 n e t  tons  capac i ty  
- 
and s i n g l e  day t r i p s .  
The "high-seas tuna" f l e e t  f i s h e s  p r imar i ly  f o r  ye l lowf in  and 
sk ip jack  tuna throughout t h e  e a s t e r n  P a c i f i c  and e a s t e r n  A t l a n t i c  oceans, 
t ak ing  P a c i f i c  boni to  only t o  f i l l  ou t  incomplete loads  o r  t o  make up 
t h e  85% of t h e  load requi red  t o  be  o the r  than ye l lowf in  tuna dur ing  t h e  
period of t h e  year  when ye l lowf in  tuna landings a r e  r e s t r i c t e d  by a 
quota.  About 35 t o  40 of t hese  v e s s e l s ,  some of which exceed 2000 n e t  
tons  capac i ty ,  have landed boni to  i n  Ca l i fo rn i a .  Multi-week f i s h i n g  
t r i p s  a r e  rou t ine .  
The " t r o l l "  f l e e t  f i s h e s  p r imar i ly  f o r  a lbacore  and salmon,, t ak ing  
boni to  only i n c i d e n t a l l y .  It i s  composed of v e s s e l s  ranging i n  capac i ty  
from 2 t o  150 n e t  tons  and averaging about 40-50 n e t  tons .  Since 1971 
TABLE 2. C o m e r c i a l  Landings of P a c i f i c  Bonito by Gear Types and Nos. of Vessels  P a r t i c i p a t i n g  1971-1974. 
T o t a l  landings Roundhaul T r o l l i n g  Entangling nets Hook and l i n e  Other 
-
So. 
Year boa t s  kg 
1971 36C 9,194,011 
1972 596 10,121,008 
1973 424 13,965,315 
1974 268 8,535,435 
AVEfV.GE 
1971-1974 412 
No. 
b o a t s  kg 
7 1  8,766,402 95.4 
73 9,168,573 90.6 
82 3,250,320 94.9 
59 8,179,205 95.8 
7 1 94.2 
No. 
b o a t s  k E 
141 219,275 2.6 
297 747,055 7.4 
167 427,158 3 .1  
63 95,238 1.1 
167 3.5 
No . 
boa t s  kg 
40 35,078 0.4 
75 64,955 0.6 
63171,337 1.2 
53 60,370 0.7 
KO, 
boa t s  kg 
57 157,664 1 .7  
41 113,400 1.1 
53 110,924 0.8 
76 199,732 2.3 
57 1 .5  
No. 
b o a t s  kP 
- 
5 1  15,592 0 .2  
110 27,024 0 .2  
54 5,575 < 0 . 1  
17 886 0 . 0 1  
58 0 . 1  
I 
between 50 and 300 boa t s  per  year  from t h i s  f l e e t  have landed boni to  
i n  Ca l i fo rn i a .  Catches by o t h e r  types of gear  a r e  i n c i d e n t a l ,  com- 
p r i s i n g  l e s s  than 3% of t h e  t o t a l  ca tch .  
Commercial ca tches  of boni to  landed i n  C a l i f o r n i a  have been worth 
about $3 m i l l i o n  per  year  over t h e  l a s t  6  years .  About 54% of t h e s e  
landings have been taken i n  C a l i f o r n i a  waters ,  amounting t o  an  income 
of $1.6 m i l l i o n  per  year .  About 1200 commercial fishermen ha rves t  
P a c i f i c  boni to  on more than an i n c i d e n t a l  b a s i s .  
U .  S. Sport  Fishery 
A t  t imes boni to  have been ch ief  con t r ibu to r s  t o  t h e  southern  Cal i-  
f o r n i a  marine s p o r t  ca t ch  (Table 3) .  I n  a  1968 survey, southern  Cali-  
f o r n i a  par tyboat  landing ope ra to r s  ranked boni to  a s  t h e  f o u r t h  most 
important spec i e s  t o  t h e i r  i ndus t ry  (Young 1969). Croker (1931) 
observed t h e  ca tch  of "a few" boni to  from a barge anchored i n  Santa Monica 
I5ay on March 22, 1931. I n  a l a t e r  r epo r t  on par tyboat  ca t ches ,  he  in- 
d i c a t e s  t h a t  during t h e  per iod  1936-38 boni to  were taken i n  small 
q u a n t i t i e s  ( l e s s  than 6% of t h e  t o t a l  ca tch)  (Croker, 1939). H e  c l a s s i -  
f i e s  boni to  a s  "des i r ab l e  game f i s h , "  weakening t h e  hypothes is  t h a t  t h e  
low repor ted  ca tches  of boni to  were mainly due t o  ang le r  preference ,  
although a  cons iderable  b i a s  a g a i n s t  boni to  appears  t o  have been shared 
by many a n g l e r s  of t h e  t i m e  (Radovich CF&G, pers .  commun.). Par tyboat  
records f o r  1936-40 show boni to  catch-per-uni t -of-effor t  (CPUE) t o  have 
been r e l a t i v e l y  high i n  1936 and 1937, dec l in ing  t o  a  very low va lue  i n  
1940 (Figure 2 ) .  During t h e  pe r iod  1937-40 an ang le r  by t h e  name of 
F. R. Hering compiled a  l i s t  of a l l  t h e  spec i e s  he caught dur ing  492 
days of f i s h i n g  from a barge i n  Santa Monica Bay. While he at tempted 
" t o  ca tch ,  by angl ing  methods, as many f i s h  of a s  many k inds  as p o s s i b l e  
i n  one l o c a l i t y , "  not  a  s i n g l e  boni to  occurs  i n  a l i s t  of 30,487 
TABLE 3. California Partyboat Reported Catches of Pacific Bonito, 
1947-1975. 
Total Central and No. 
Year California So. California California 
1947 36,496 36,496 - 
19 48 14,519 14,519 - 
1949 5,372 5,372 - 
1950 2,359 2,352 7 
1951 14,475 14,475 - 
1952 7,649 7,646 3 
1953 6,321 6,321 - 
1954 70,078 70,078 - 
1955 22,409 22,396 13 
1956 61,404 61,404 - 
1957 258,555 258,520 3 5 
1958 422,568 422,565 3 
1959 776,386 774,290 2,096 
1960 1,199,919 1,199,846 73 
1961 849,426 849,426 - 
1962 798,725 798,723 2 
1963 775,719 773,036 2,683 
1964 1,298,804 1,297,741 1,163 
1965 806,322 804,281 2,041 
1966 644,415 642,283 2,132 
1967 349,952 348,463 1,489 
1968 1,102,936 1,101,690 1,246 
1969 1,230,241 1,228,174 2,067 
1970 651,898 650,241 1,657 
1971 152,795 152,659 136 
1972 416,429 416,052 377 
1973 471,979 471,897 8 2 
1974 141,193 141,154 39 
1975 80,438 80,438 - 

organisms f a l l i n g  i n t o  35 recorded s p e c i e s  and spec i e s  groups (Croker, 
1941). I n  t h e  e a r l y  1940's no s p o r t f i s h i n g  records  were k e p t ,  however, 
Radovich (pers .  commun.) r e c a l l s  occas iona l  good f i s h i n g  f o r  bon i to  
i n  t h e  Los Angeles a r ea .  When par tyboat  record keeping was resumed i n  
1946, t h e  boni to  had v i r t u a l l y  disappeared,  no t  t o  r e t u r n  i n  fo rce  u n t i l  
For t h e  7 years  fol lowing World War 11, t h e  par tyboat  ca t ch  of bon i to  
was r e l a t i v e l y  low, only once exceeding 15,000 f i s h .  During t h e  next  3 
years  ca tches  improved cons iderably ,  averaging about 50,000 f i s h  pe r  year .  
with t h e  advent of t h e  warm water yea r s  (1957 t o  1960),  t h e  ca t ch  began 
t o  climb, reaching almost 1.2 m i l l i o n  f i s h  i n  1960. The ca tches  d i d  not  
dec l ine  a s  expected however, as water  temperatures  cooled i n  t h e  yea r s  
from 1961 t o  1969 (Figures  1, 2 ) .  During t h e  1960's young bon i to  were 
abundant inshore  and sportsmen landed record numbers. Since 1969 
however, t h e  s p o r t  ca tch  has f a l l e n  d r a s t i c a l l y .  
The s p o r t  ca t ch  of bon i to  is gene ra l ly  confined t o  southern  Cali- 
f o r n i a  waters ,  a l though some a r e  caught n o r t h  of Poin t  Conception. The 
heav ie s t  par tyboat  ca t ch  is usua l ly  made dur ing  August and September 
from La J o l l a  t o  Redondo Beach. Sportfishermen from Santa Monica Bay 
no r th  make t h e i r  b e s t  ca tches  of l a r g e  f i s h  i n  October o r  November while  
t o  t h e  south ,  t h e  ca t ch  dec l ines  through October and November. The ca tch  
of f i s h  i n  t h e  open ocean is  gene ra l ly  a t  a low l e v e l  from t h e  end of 
* 
November u n t i l  t h e  fol lowing Ju ly .  Occasional ly however, f i s h i n g  re- 
mains good u n t i l  March f o r  both s p o r t s  and commercial fishermen. 
Bonito a r e  occas iona l ly  caught i n  f a i r  numbers by par tyboat  and 
p i e r  and j e t t y  fishermen dur ing  t h e  win te r  months, e s p e c i a l l y  around 
warm water  o u t f a l l s  a long the  coas t .  This  provides cons iderable  
r e c r e a t i o n  when most f i s h i n g  is  a t  a low ebb. 
-17- 
The average annual southern C a l i f o r n i a  (P t .  Conception t o  San Diego) 
par tyboat  ca t ch  f o r  t he  per iod  from 1947 t o  1956 was 24,107 f i s h ,  whi le  
t h e  average ca tch  from 1957 t o  1969 was 801,075. The ca t ch  has averaged 
319,682 annual ly s ince .  The average annual ca tch  per  ang le r  f o r  t hese  
t h r e e  per iods  increased  from 0,05 t o  1.33 then dropped t o  0.40 (Figure 
2 ) .  The ca t ch  per  ang le r  curve i n d i c a t e s  t h a t  t h e  increased  ca t ch  from 
1957 on was no t  simply a func t ion  of increased  e f f o r t ,  bu t  r e f l e c t e d  a 
change i n  t h e  abundance o r  a v a i l a b i l i t y  of boni to  i n  C a l i f o r n i a  waters .  
A survey conducted during t h e  per iod  of 1964-1966 made e s t ima te s  
of t h e  ca tch  and e f f o r t  of t he  sportf ishermen from p i e r s  and j e t t i e s ,  
p r i v a t e  boa t s  and s h o r e l i n e ,  from Poin t  Conception t o  t h e  Mexican Border 
(Pinkas,  Oliphant and Haugen 1968). The f i g u r e s  show t h a t  par tyboat  
fishermen a r e ,  as a group, f a r  more succes s fu l  i n  cap tu r ing  bon i to  than 
. 
fishermen i n  o the r  segments of t h e  s p o r t f i s h e r y  (Table 4 ) .  
I 
TABLE 4. Comparison of Spor t f i sh ing  Catch and E f f o r t .  
Catch 
Source Year Catch Nos. E f f o r t  per  hour  
P i e r  & j e t t y  1963 283,068 5,100,100* 0.06 
Partyboat  1963 773,036 2,480,054** 0.31 
P r i v a t e  boa t  1964 401,575 2,773,405* 0.14 
Partyboat  1964 1,297,741 2,679,545** 0.48 
* - E f f o r t  i n  manlhours 
** - E f f o r t  i n  angler lhours  
Partyboat  f i g u r e s  a r e  f o r  southern C a l i f o r n i a  f l e e t  only 
The con t r ibu t ion  of marine s p o r t f i s h i n g  barges t o  t h e  t o t a l  spor t -  
catch was ca lcu la t ed  a s  21.2% of t h e  repor ted  partyboat  ca tch ,  based on 
da ta  co l l ec t ed  i n  1966 and 1970. A l l  t hese  a r e  combined t o  g ive  t h e  
t o t a l  ca tch  and e f f o r t  f o r  t h e  southern Ca l i fo rn ia  s p o r t f i s h e r y  (Table 
5) developed by Thayer (1973). 
Mexican Commercial Fishery 
The t ake  of P a c i f i c  boni to  o f f  Mexico by Mexican commercial f i she r -  
men has  been r e l a t i v e l y  low (averaging l e s s  than 300,000 kg annual ly 
s ince  1965) compared t o  t h e  t ake  by U.S. fishermen t h e r e ,  but  i t  appears 
the re  is  considerable p o t e n t i a l  f o r  ha rves t  by Mexican fishermen. 
S ize  and Age of Catch 
P a c i f i c  boni to  caught by sportsmen a r e  genera l ly  2 years  o r  l e s s  o l d  
and o f t e n  a s i n g l e  year-class  supports  t h e  s p o r t f i s h e r y  f o r  a per iod  of 
2 o r  3 yea r s ,  as was t h e  case  from 1972 through 1974 (Table 6, Figure 3 ) .  
Commercial landings on t h e  o the r  hand, have u n t i l  r ecen t ly ,  cons is ted  
almost exc lus ive ly  of f i s h  2 years  and o l d e r  (Figure 3) .  
TABLE 6 .  Year Class Composition of P a c i f i c  Bonito Partyboat  Catches Made 
o f f  Southern Ca l i fo rn ia .  
Year c l a s s  1970 1971 1972 1973 19 74 1975 TOTAL 
Year 
TOTAL 5,588 96,421 852,792 23,433 129,732 1,575 1,109,541 
TABLE 5. Fishing Mortality on Bonito in California Waters. 
Aerial Sport Sport California Total Index of Annual fishing 
Year i index catch1 catch2 comercial catch fishing mortality rate 
c tch 8 i intensity if F1969 = 1.5 6 
Ii lo6 fish 10 lb. 10 lb* lo6 lb, Ci'l~ % 
1 
Total sport catch is estimated as 1.9 partyboat catch (Thayer, 1973). 
2~ conversion of 3 lb/f ish is used for the sport catch. 
3~stimate, based on incomplete aerial survey data. 

These d i f f e r ences  seem t o  be  a func t ion  of both behavior  and economics. 
Small bon i to  a r e  very s u s c e p t i b l e  t o  s p o r t  cap ture  methods, whi le  t h e  l a r g e r  
boni to  a r e  gene ra l ly  l e s s  suscep t ib l e .  The p r i c e  t o  commercial fishermen 
has u sua l ly  been dependent on t h e  s i z e  of t h e  bon i to  landed and has caused 
purse s e i n e  fishermen t o  seek t h e  l a r g e r  boni to.  
BIOLOGY 
Reproduction 
Based on observa t ions  of eggs and l a r v a e ,  (Klawe, 1961; Pinkas,  
1961; Sokolovski i ,  1971) boni to  spawn o f f  southern C a l i f o r n i a  and Baja 
Ca l i fo rn i a  i n s i d e  of t h e  200 meter (656 f t )  i soba th  and i n  waters  
ranging i n  temperature between 1 6 ' ~  and 2 0 ' ~  ( 6 1 ' ~  and 6 8 ' ~ ) .  
A 2-year s tudy of boni to  matur i ty  and fecundi ty  w a s  i n i t i a t e d  by 
t h e  Department of F ish  and Game i n  September of 1974 and has shown, 
from e x t e r n a l  examinations of male gonads and from egg diameter rneasure- 
ments of female gonads, t h a t  boni to  have a spawning season t h a t  l a s t s  
from March through J u l y  (Glenn F. Black CDF&G, pers .  cormnun.). Fur ther  
a n a l y s i s  of  t he  f i r s t  yea r s '  samples appear t o  s u b s t a n t i a t e  f i nd ings  on 
the  spawning behavior of t h e  same spec i e s  of bon i to  found o f f  t h e  coas t  
of Peru (Vildoso, 1960): 1 )  bon i to  spawn between the  beginning of s p r i n g  
and t h e  end of summer, 2) t h e  gonads a r e  a c t i v e  f o r  a longer  per iod  of 
time i n  males than i n  females,  3) o l d e r  f i s h  s t a r t  t o  mature sooner i n  
t h e  season than do t h e  younger ones,  4) females appear t o  spawn more 
than once each season, and 5) not  a l l  t h e  eggs produced dur ing  a season 
a r e  spawned, some remain i n  t h e  ovary and a r e  absorbed before  t h e  next  
spawning cyc le .  
Our s tudy  a l s o  revealed t h a t  females 3 yea r s  and o l d e r  begin 
spawning i n  March and probably spawn more than  once during t h e  season, 
while  younger females begin spawning a c t i v i t y  i n  June and May and only 
spawn once. Reproduction t akes  p l ace  i n  92z of t h e  males and 78% of the 
females a t  2 yea r s  of age,  whi le  a l l  f i s h  3 yea r s  and o l d e r  w i l l  repro- 
duce. A s  of t h e  p re sen t  no e s t ima te s  have been made of t h e  number of 
eggs spawned by females of p a r t i c u l a r  l eng ths  and ages  due t o  t h e  
problems presented  by t h e  bon i to  being a mu l t ip l e  spawner which does no t  
1 
spawn a l l  mature eggs. ' 
Evidence gathered i n  t h i s  s tudy  sugges ts  t h a t  spawning by 1 and 2 
year  o l d  bon i to  t akes  p l ace  dur ing  co ld  water  years  i n  a r e a s  inf luenced  
by warm water  d i scharges ,  even when bon i to  a r e  absent  from t h e  r e s t  of 
our  l o c a l  marine environment during t h e  spawning season. Bonito t a g  
r e t u r n s  i n d i c a t e  t h a t  t h e r e  may be smal l  numbers of young r e s i d e n t  f i s h  
t h a t  s t a y  i n  t hese  a r e a s  f o r  as long a s  2 yea r s ,  t hus  provid ing  a smal l  
amount of recrui tment  even i n  co ld  water  years .  
Food Habi t s  
One s tudy  revea led  t h a t  t h e  nor thern  anchovy, ~ngraul i s  mordux, is 
t h e  major food i tem i n  t h e  d i e t  of P a c i f i c  boni to ;  t h a t  common squid ,  
LoZigo opalescens, forms an important p a r t  of t h e  bon i to  d i e t  from 
January through June; and t h a t  miscel laneous f i s h ,  such as s a r d i n e s ,  and 
a few crus taceans  make up a smal l  po r t ion  of t h e  d i e t  (Oliphant ,  1971). 
S i ze ,  Age and Growth 
A s tudy  of boni to  age and growth u t i l i z i n g  o t o l i t h s  and ve r t eb rae  
has r ecen t ly  been concluded. F ish  15  t o  25 cm (6 t o  10 inches)  long a r e  
observed by fishermen i n  t h e  e a r l y  summer. By t h e  fol lowing s p r i n g  these  
f i s h ,  now 1 year  o l d ,  a r e  40 cm (15 inches)  i n  l eng th  and weight about 
1 kg (2 l b s ) .  These f i s h  w i l l  weight 1.4 kg (3 l b s )  o r  more by f a l l ,  and 
by t h e  fol lowing May w i l l  weigh about 2.5 kg (5 t o  6 l b s ) .  T h e  next  
year  t hese  3 year  o l d s  w i l l  weigh 4.5 t o  5.4 kg (10 t o  12 l b s )  and be 
about 68 cm (27 inches)  long (campbell and Co l l in s  1975). There is  a 
v e r i f i e d  r e p o r t  of boni to  100 cm (40 inches)  i n  l eng th  weighing 11 kg 
(25 l b s )  , and an unve r i f i ed  r epo r t  of a 17 kg (37  l b )  f i s h  ( ~ e l i ,  1960). 
Migration 
I n  1968 a tagging p r o j e c t  was i n i t i a t e d  t o  s tudy t h e  movements and 
growth rates of boni to  and a manuscript is  c u r r e n t l y  i n  prepara t ion .  Since 
1968 over 11,200 boni to  have been tagged and r e l eased  along t h e  coas t  
from Monterey Bay, Ca l i fo rn i a  t o  Cape San Lazaro, Baja Ca l i fo rn i a .  Over 
1100 t a g s  have been recovered by s p o r t  and commercial fishermen. These 
have provided information about bon i to  movements and have confirmed 
short-term growth r a t e  es t imates .  These f i s h  appear t o  move randomly i n  
l o c a l  waters ,  a l though t h e r e  is  a d e f i n i t e  movement down t h e  southern 
Ca l i fo rn i a  coas t  dur ing  t h e  win te r  months, and northward i n  t h e  l a t e  summer 
. 
and e a r l y  f a l l ,  i n  an apparent response t o  changes i n  t h e  temperature of 
- t h e  ocean water .  
The major i ty  of t a g  r e t u r n s  came from f i s h  t h a t  had t r a v e l e d  l e s s  
than 32 km (20 mi les ) .  A l a r g e  propor t ion  have been recovered by p i e r  
and j e t t y  fishermen which i n d i c a t e s  t h a t  t hese  fishermen c o n t r i b u t e  a 
l a r g e r  propor t ion  of f i s h  t o  t h e  bon i to  s p o r t  ca tch  now than  when t h e  
t 
l a s t  s p o r t f i s h i n g  survey was done, i n  1963 (Pinkas, Oliphant and Haugen 
Severa l  boni to  tagged o f f  Baja C a l i f o r n i a  i n  June were recaptured  by 
purse s e i n e r s  near  Santa  Barbara 4 t o  6 months l a t e r .  Bonito tagged near  
Santa Barbara have been recovered a year  and a h a l f  l a t e r  o f f  Baja Cali-  
forn ia .  Bonito t h a t  t r ave l ed  long d i s t a n c e s  moved from Mexico t o  l o c a l  
waters  i n  t h e  summer months and back aga in  i n  t h e  win te r  (F igure  4 ) .  
Two of t h e  22 boni to  t h a t  have been recovered more than 2 yea r s  a f t e r  

tagging were recovered wi th in  2 km (1.6 mile)  of t he  r e l e a s e  p o i n t  a t  
King Harbor, Redondo Beach, a hea ted  water  d i scharge  a rea .  
Data from our tagging s tudy i n d i c a t e s  t h a t  hea ted  water  d i scharges  
from c o a s t a l  e l e c t r i c  genera t ing  s t a t i o n s  s t r o n g l y  in f luence  t h e  migra- 
t i o n  of young boni to  i n  southern C a l i f o r n i a  waters .  Extensive tagging 
of f i s h  found i n  heated water  plumes has  revealed t h a t  t h e s e  f i s h  e i t h e r  
remain i n  t h e  a r e a  of t h e  d ischarge  o r  tend t o  migrate  t o  another  heated 
d ischarge  a r e a .  Most of t h e s e  f i s h  were a t  l i b e r t y  l e s s  than  2 years .  
However, two f i s h  a t  l i b e r t y  f o r  almost 3 years  were recovered i n  t he  
same hea ted  water  d i scharge  where they were o r i g i n a l l y  tagged. 
We c u r r e n t l y  be l i eve  t h a t  t h e  f i s h  found i n  t h e  hea ted  water  d i s -  
charge a r e a s  a r e ,  f o r  t h e  most p a r t ,  young of t h e  y e a r ,  spawned i n  
southern C a l i f o r n i a  waters ,  t h a t  have been in t e rcep ted  on t h e i r  way 
south during t h e  e a r l y  win ter .  These f i s h  remain i n  southern  C a l i f o r n i a  
waters  t h e  year  round and a r e  less l i k e l y  t o  migrate  south i n t o  Baja 
C a l i f o r n i a  waters  during t h e  win te r  when they a r e  o l d e r .  
STOCK ASSESSMENT 
Catch-per-unit of e f f o r t  (CPUE) d a t a  f o r  t h e  P a c i f i c  bon i to  
commercial f i s h e r y  a r e  not  a v a i l a b l e ,  r e s t r i c t i n g  one of t h e  c l a s s i c  
approaches t o  s tock  assessment.  However, t h e r e  a r e  s e v e r a l  o t h e r  
sources of d a t a  which can g ive  us  an i n s i g h t  i n t o  t h e  dynamics of t h e  
populat ion.  Among these  is  the  a e r i a l  scout ing  index of Squi re  (1972), 
der ived from f l i g h t  l ogs  kept  by commercial f i s h  s p o t t e r s .  Partyboat  
l ogs  a l s o  provide use£ u l  i n £  ormation, e s p e c i a l l y  concerning t h e  abun- 
dance of young f i s h .  
Spawner-Recruit Rela t ionship  
Squ i r e ' s  (1972) day a e r i a l  index of abundance is a p o t e n t i a l  index 
of spawning biomass, and par tyboat  CPUE is  a p o t e n t i a l  index of r e c r u i t -  
ment s t r eng th .  The two may be combined t o  g ive  a t e n t a t i v e  d e s c r i p t i o n  
of t h e  r e l a t i v e  annual  reproduct ive success  of P a c i f i c  boni to  i n  
southern  C a l i f o r n i a  waters .  
Spawning t akes  p l ace  during t h e  s p t i n g  and summer, involv ing  78% 
of age I1 and a l l  o lde r  boni to.  The a e r i a l  index is p r imar i ly  based on 
observa t ions  made during t h e  f a l l  commercial f i s h i n g  season, on f i s h  
being sought by t h e  f l e e t .  The l eng th  frequency of f i s h  caught by t h e  
f l e e t  w i l l  t he re fo re  tend t o  r e f l e c t  t h e  l eng th  d i s t r i b u t i o n  of f i s h  
included i n  t h e  a e r i a l  index, with some b i a s  toward under-represent ing 
t h e  smal le r  f i s h  due t o  cannery preference  f o r  l a r g e  f i s h .  Age I f i s h  
a r e  w e l l  r epresented ,  p a r t i c u l a r l y  i n  1973 (Figure 3 ) ,  however, no age 
0 f i s h  occur  i n  t h e  l eng th  frequencies .  The age I f i s h  w i l l  be  age I1 
f i s h  by t h e  fol lowing spawning season (March t o  Ju ly )  and w i l l  t h e r e f o r e  
be  mostly spawners. 
On t h e  o t h e r  hand, t h e  commercial ca t ch  removes f i s h  from t h e  pool  
measured by t h e  a e r i a l  index, so  a c o r r e c t i o n  f o r  t h e  commercial catch 
should be appl ied .  For purposes of t h i s  t e n t a t i v e  model, t h e  c o r r e c t i o n  
f a c t o r  was es t imated  by the  fol lowing method: a m u l t i p l e  r eg re s s ion  
r e l a t i n g  abundance and ca tch  ( recru i tment  was a l s o  included,  b u t  gave 
no s i g n i f i c a n t  r e s u l t s )  gave t h e  fol lowing equat ion  of b e s t  fit: 
Ii + 1 = 0.97 Ii - 0.017 Ci ( r 2  = 0.92; F = 36.2; P < 0.01) 
where I is  day a e r i a l  abundance index,  C i s  commercial ca t ch  from C a l i -  
f o r n i a  waters ,  i n  m i l l i o n s  of pounds and i denotes t h e  year  of observa- 
t i on .  While t h e  regress ion  i s  of l i t t l e  use f o r  p red ic t ion ,  t h e  co- 
e f f i c i e n t  of Ci can b e  taken a s  a f i r s t  approximation of t h e  c o r r e c t i o n  
f a c t o r  sought above. Use of t h e  above c o e f f i c i e n t  a s  t h e  c o r r e c t i o n  
f a c t o r  w a s  found t o  g ive  very smal l  es t imated  spawning biomass i n d i c e s  
. 
in some years, so its value was arbitrarily reduced to 0.010 as an 
intermediate value. Thus two indices of estimated spawning biomass 
- 
(S) were obtained: an upper value (Su) of 
sui = Ii - 1 
and a catch-corrected value (Sc) of 
sci = Ii - 1 - 0,010 Ci - 1 
The recruitment index (R) is the CPUE index of MacCall, Stauffer 
and Troadec (1976), being the average catch per angler for six southern 
California subareas, weighted by the approximate geographic size of the 
area fished in each subarea. Length frequency indicates that the party- 
boat catch consists of age I fish on the average (Figure 3). We will 
assume these fish were spawned in the previous year, and Ri + corres- 
ponds to the recruitment resulting from spawning in year i. 
. 
The spawner-recruit relationship (Figure 5) is shown, with labelled 
years indicating the year of spawning. The right end of each solid 
horizontal bar represents the Su value and the left end is the Sc value. 
If the correction coefficient were increased to the regression value, 
the left end of the dashed line indicates the approximate position of the 
spawning point. A 1963 estimated point is included, based on a hypothe- 
tical value of 1.56 to 2.0 for the aerial index for 1962. There is no 
simple functional curve describing the spawner-recruit relationship. 
Spawning points fall in a broad diagonal band, with large spawning 
biomasses tending to yield larger recruitments than do small spawning 
biomass, however poor recruitments may result from high spawning bio- 
masses (1966) as well as low (1970, 1971). Good recruitments (R > 1.0 
fishlangler day) are only apparent for years of high spawning biomass. 
Sordo chi/iens/s /ineo/oto 
ESTIMATED SPAWNING BIOMASS INDEX = S 
* FIGURE 5. Spawner- recruit relationship. 
- 
A catch-corrected index of r e l a t i v e  recrui tment  success  ( r c ) ,  
i s  ca l cu la t ed  by 
* 
and is  given i n  Figure 6 .  The poor recrui tment  successes  of t h e  1973 
and 1974 spawnings a r e  ev iden t ,  and can be seen t o  be r e l a t i v e l y  poorer  
than any of t h e  previous seasons shown. On the  o t h e r  hand, i n  t h e  e a r l y  
years ,  be fo re  1966 when the  commercial f i s h e r y  became in t ense ,  t h e  
populat ion was a b l e  t o  maintain i t s  abundance d e s p i t e  a sequence of poor 
r e l a t i v e  recrui tment  successes  from 1964 t o  1966. From 1968 t o  1971 
reproduct ive success  was much h igher  bu t  t he  populat ion remained a t  a low 
l e v e l  of abundance due t o  lowered spawning biomass. A s  t h e  commercial 
f i s h e r y  i s  a major cause of m o r t a l i t y ,  it i s  probably t h e  p r i n c i p a l  cause 
of t he  low boni to  abundance p r i o r  t o  1974. This  hypothesis  is  explored 
i n  t h e  next  s e c t i o n .  
F ish ing  Mor ta l i t y  
The f i s h i n g  m o r t a l i t y  r a t e  F i s  r e l a t e d  t o  ca t ch  C and mean abundance 
N by t h e  equat ion F = C/N.  I f  we assume t h e  a e r i a l  index of abundance i s  
r e l a t e d  t o  t r u e  abundance by a p r o p o r t i o n a l i t y  cons tan t  k ,  so  t h a t  
N = k I ,  then  t h e  ins tan taneous  f i s h i n g  m o r t a l i t y  r a t e  is  es t imated  by 
F = ~ / k l ,  b u t  s i n c e  k is not  known, an index of f i s h i n g  i n t e n s i t y  can be 
obtained by kF = c/I. Catches a r e  those  from C a l i f o r n i a  wa te r s ,  and t h e  
partyboat  f i s h e r y  served a s  a b a s i s  f o r  e s t ima t ing  t h e  t o t a l  spo r t ca t ch  
i n  pounds (Table 5 ) .  
I The index of f i s h i n g  m o r t a l i t y  (Table 5 )  can be converted t o  a pre- I sumptive annual m o r t a l i t y  r a t e  i f  a va lue  of k is  given. Based on ex- I - perience i n  o t h e r  purse s e i n e  f i s h e r t e s ,  i n t e n s e  f i s h i n g  may genera te  
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1 -  a f i s h i n g  m o r t a l i t y  r a t e  of F = 1.5 ,  and assuming t h e  1969 f i s h e r y  was 
of such i n t e n s i t y ,  a conversion f a c t o r  of k = 47.73 is  obtained.  Annual 
f i s h i n g  m o r t a l i t y  r a t e  e s t ima te s  ( a ) ,  expressed i n  percent  (Table 6) 
1 a r e  obta ined  by t h e  equat ion:  a = 100% (1-exp(-F) ) . 
I The f i r s t  i nc rease  i n  f i s h i n g  m o r t a l i t y  occurred i n  1966, and was 
p a r t i a l l y  t h e  r e s u l t  of increased  cannery demand, imports from Peru 
having dec l ined  considerably.  Ex-vessel p r i c e s  r o s e  i n  t h e  la te  1960's 
and e a r l y  1970's (S t au f fe r ,  MacCall and Wahlen, 1975). The 1968 anchovy 
season found anchovies r e l a t i v e l y  unavai lab le  and many v e s s e l s  may have 
turned t o  boni to  as an  a l t e r n a t i v e  spec i e s .  Cooperative v e s s e l  groups 
have s i n c e  come i n t o  ex i s t ence ,  wherein one v e s s e l  may f i s h  t o  f i l l  t he  
anchovy reduct ion  o rde r s  f o r  t h e  group and t h e  o t h e r  v e s s e l s  may seek 
a l t e r n a t i v e  spec i e s  such as jack  mackerel and boni to .  Thus va r ious  
mechanisms have brought about an inc rease  i n  f i s h i n g  i n t e n s i t y  on 
boni to.  Mor t a l i t y  r a t e s  jumped i n  1966 and aga in  i n  1968, peaking i n  
1969 and 1970 when f i s h i n g  opera t ions  may have been ca tch ing  over  h a l f  
the  a v a i l a b l e  populat ion each year .  Fishing i n t e n s i t y  dec l ined  somewhat 
i n  1971 and 1972, bu t  increased  t o  a high l e v e l  i n  1973. F ish ing  i n t e n s i t y  
appears t o  have been s u f f i c i e n t  t o  exp la in  t h e  decreased spawner abundance 
i n  t he  l a t e  1960's  and e a r l y  1970's .  
Environmental Fac tors  Inf luenc ing  Recruitment Success 
This  s e c t i o n  fol lows the  work of Richard P a r r i s h  (PEG, NMFS, Monterey, 
Ca.),  who has  examined P a c i f i c  mackerelrecrui tment  p a t t e r n s  i n  r e l a t i o n  
t o  environmental va r i ab l e s .  P a r r i s h  has found t h a t  upwelling and r e l a t e d  
water movement p a t t e r n s  occurr ing  midway down t h e  Baja C a l i f o r n i a  coas t ,  
i n  t he  a r e a  of Punta Eugenia, may exp la in  much of t h e  v a r i a t i o n  i n  re- 
crui tment  success  of P a c i f i c  mackerel ( a  spec i e s  sha r ing  many s i m i l a r i t i e s  
* 
wi th  t h e  bon i to ) .  Due t o  t h e  l a c k  of r e f i n e d  d a t a  on t h e  b o n i t o ,  no 
. soph i s t i ca t ed  environmental models can be attempted. 
Various environmental parameters were compared wi th  t h e  catch- 
cor rec ted  index of r e l a t i v e  spawning success  ( r C )  * S C ~ ~ P P B  p i e r  tempera- 
t u r e s  showed no c o r r e l a t i o n  wi th  recru i tment ,  a l though t h e  p o s s i b i l i t y  
remains t h a t  water  temperatures a f f e c t  migra t ion  of o l d e r  f i s h .  The 
upwelling i n d i c e s  of Bakun (1973) f o r  t h e  regions 30% and 33 '~  (March- 
J u l y  mean) showed a poss ib l e  r e l a t i o n s h i p  t o  recru i tment  success  w i th  
t h e  more sou the r ly  reg ion  showing t h e  s t ronge r  r e l a t i o n s h i p  (F igure  7 ) .  
When Bakun's d a t a  s e r i e s  was updated t o  1973 and 1974, both p o i n t s  
a r e  d i s t i n c t  o u t l i e r s  and reduce t h e  s t r e n g t h  of t he  apparent  r e l a t i o n -  
s h i p ,  a l though a threshold  e f f e c t  may b e  poss ib l e ,  wi th  good recru i tment  
success  more l i k e l y  f o r  per iods  of s t r o n g  p o s i t i v e  anomaly. Another 
upwelling r e l a t e d  event ,  termed "wind s t r e s s  cu r l "  o r  "divergence1', 
showed no apparent  r e l a t i o n s h i p  t o  e i t h e r  recru i tment  success ,  o r  t o  
t h e  r e s i d u a l s  from t h e  upwelling r e l a t i o n s h i p s .  
Since t h e  upwelling-recruitment success  r e l a t i o n s h i p  cannot be  ex- 
tended t o  yea r s  before  t h e  a e r i a l  abundance index was measured, t h e  
ex i s t ence  of a r e l a t i o n s h i p  between t h e  two v a r i a b l e s  must b e  examined 
i n d i r e c t l y .  Assuming t h a t  t h e  par tybbat  ca tch  p e r  u n i t  e f f o r t  measures 
t he  s t r e n g t h  of t h e  recrui tment  which we a r e  t r y i n g  t o  measure, and i n  
t he  absence of a l a r g e  f i s h e r y ,  changes i n  spawning biomass from year  t o  
year  would b e  minimal, a poss ib l e  measure of r e l a t i v e  changes i n  r e c r u i t -  
ment l e v e l s  f o r  spawning i n  yea r  i i s  t h e  quan t i t y  I n  (CPUEi + l / ~ P ~ E i ) ,  
which w i l l  be  termed the  r e l a t i v e  recru i tment  r a t i o .  A p l o t  of t h i s  
r e l a t i v e  recru i tment  r a t i o  a g a i n s t  t h e  March-July mean upwelling anomalies 
f o r  yea r s  be fo re  1964 (Figure 8) shows t h e  same r e l a t i o n s h i p  suspected 
i n  t h e  previous c a l c u l a t i o n s  exp la in ing  t h e  sudden abundance of bonito 
i n  southern C a l i f o r n i a  waters .  A suppor t ing  p i ece  of evidence is  t h e  
po in t  f o r  1953, which may exp la in  t h e  smal l  i nc rease  i n  CPUE f o r  1954 
(Figure 3) .  Moreover, t h e  success  of t h e  1953 spawning may have added 
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FIGURE 8. Upwelling recruitment success relationship. 
considerable reproductive potential to the population 2 years later, 
which coincided with the series of excellent relative spawning successes 
beginning in 1955. Finally, the importance of the spawnings in 1953, 
1955 and 1956 tend to argue against the hypothesis that the abundance 
of the bonito in southern California is simply the result of the warm 
water period in the late 1950ts, although there remains a considerable 
likelihood that the warm ocean temperatures were a contributing factor. 
MANAGEMENT IrnL ICAT ION S 
The most important biological consideration for management is the 
seasonal and sporadic nature of the Pacific bonito's residence in Cali- 
fornia's waters. Since the bulk of the population is resident in Mexican 
waters, management will require close coordination and cooperation with 
the Mexican government. 
t 
Defining a "resident" stock as one which exhibits local recruitment, 
the Pacific bonito resource in California waters cannot be managed on a 
sustained yield basis, as it is not a permanent resident stock. Rather, 
the stock expands its range northward into southern California when a 
series of favorable (and presently unpredictable) oceanic events take 
place. Once established in California waters, an indeterminate period 
of residency may pass, with this northern segment of the stock falling 
somewhat short of being able to perpetuate itself, and, under normal 
oceanic conditions, undergoing a slow fluctuating decline in abundance. 
Following this, an indeterminate period may occur in which there is no ' 
appreciable local recruitment. Exploitation of the temporarily resident 
stock will shorten the term of residency. There is no harvestable 
surplus production in the usual sense, as there is annual net loss in 
.. abundance during average conditions. Yield must be considered on a non- 
sustainable basis, being a balance between harvesting the stock while 
it is here and maintaining its presence as long as possible. Over- 
exploitation of an incipient resident stock may well abort its achieving 
that state, a condition which is likely if harvests remain uncontrolled. 
A second group of bonito in southern California appears to be annual 
migrants from the more permanent southern segment of the stock, which 
tend to make annual fall northward migrations into California as large 
fish. It is likely that this group is the progenitors of our occasional 
resident stock, and moreover, is indistinguishable from the resident 
stock during those periods that the latter is here. Therefore, these 
annual northern migrants should also be given a degree of protection, 
while allowing some harvest. 
The California partyboat fishery makes large catches of the re- 
cruits during periods of residency, furnishing one of the main attrac- 
tions of marine sportfishing during these periods. The impact of 
exploitation of these younger age groups is minimal, as a great many would 
not reach maturity due to other sources of mortality. Historical evidence 
shows that a resident stock can become established despite normal sport- 
fishing pressure. Considerable sportfishing also occurs on the older 
fish, particularly on the annual northward migrants, but the efficiency 
of sportfishing gear is low and the impact on the population is again slight. 
Commercial roundhaul fishing in California waters exploits both the annual 
northward migrants and the resident post-recruits quite heavily. This 
fishery is the major non-natural factor in determining local abundance. * 
There is evidence that the present decline of the population off 
southern California was precipitated by the increased commercial catches 
in the late 1960's and early 1970's and ihat the harvest of 1973 may have 
damaged the reproductive capacity of the southern ~alifornia   or ti on of 
the stock. 
It is apparent that the population of Pacific bonito in southern 
California will not sustain a harvest at the level of the last 10 years 
under normal environmental conditions. The past history of bonito catches 
in southern California indicates that even under low harvest rates we 
cannot guarantee that bonito will remain abundant in our waters for a pro- 
tracted length of time. Management action can prolong the length of time 
during which bonito are abundant here however, and maximize the recreational 
value to sportsmen, but only by restriction of the commercial catch. Short 
term losses to the commercial industry will be partially offset by long 
term gains arising from longer periods of residency. 
If the management goal is to preserve sufficient bonito in southern 
California waters for sport use, then some restriction of the commercial 
catch is necessary. 
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